T his article analyzes the effect of classroom separation of twins on their cognitive abilities, measured at different ages in Dutch primary education. We use a large longitudinal school-based sample of twins and their classmates. The analysis tries to reduce the bias by unobserved factors due to the nonrandom assignment of twins by taking into account differences in school environment, previous test scores and variation in class assignment between years. We find that classroom separation matters for language in Grade 2. Nonseparated twins score higher on language, and the difference is larger for same-sex pairs. This finding is robust for various methods that take unobserved effects into account. In addition, there is some evidence for higher scores in arithmetic in Grade 2. For the higher grades we find no effect of classroom separation on cognitive ability. In the analysis of the effect of a separation of at least 3 years we find that separation increases language performance between Grade 6 and 8 for opposite-sex pairs.
T his article analyzes the effect of classroom separation of twins on their cognitive abilities, measured at different ages in Dutch primary education. We use a large longitudinal school-based sample of twins and their classmates. The analysis tries to reduce the bias by unobserved factors due to the nonrandom assignment of twins by taking into account differences in school environment, previous test scores and variation in class assignment between years. We find that classroom separation matters for language in Grade 2. Nonseparated twins score higher on language, and the difference is larger for same-sex pairs. This finding is robust for various methods that take unobserved effects into account. In addition, there is some evidence for higher scores in arithmetic in Grade 2. For the higher grades we find no effect of classroom separation on cognitive ability. In the analysis of the effect of a separation of at least 3 years we find that separation increases language performance between Grade 6 and 8 for opposite-sex pairs.
A classic question for parents of twins is whether they should assign their children to the same class in school or to different classes. Sharing the same class has the advantage that twins can support each other and the presence of a co-twin can make them more confident in class. Twins are usually not used to being separated prior to primary school. On the other hand, assignment to different classes may stimulate the independent development of both twins and could prevent them being too competitive. It is not clear which alternative is better for the development of twins. This article investigates this question by comparing the cognitive performance of twin pairs sharing the same class with twin pairs in separate classes in the Netherlands. Dutch schools do not follow a general policy for the assignment of twins to classes. The Dutch Society for Parents of Multiples (Nederlandse Vereniging voor Ouders van Meerlingen; NVOM) advises parents to follow their own opinion, though generally NVOM believes separation stimulates the individualization of the twins (Geluk & Hol, 2001) . Two previous studies investigated the effect of classroom separation on twins' behavior and school achievement. Tully et al. (2004) used a sample of 878 same-sex twin pairs from the United Kingdom. A first assessment of the children took place at the age of 5 years and was followed by a second assessment 18 months later. The assessment included externalizing and internalizing problems, prosocial behavior, attention-deficit/hyperactivity disorder symptoms and learning effort, and was done by the teachers. In addition, children's IQ was assessed at the age of 5 and reading was assessed 18 months later. The difference between three groups was analyzed: pairs who were in the same class at both ages, pairs who were separated at both ages, and pairs who were in the same class at age 5, but separated by age 7. The major finding was that separated twins, both those separated early and late, have more internalizing problems than those not separated. In addition, twins separated later had lower reading scores than nonseparated pairs. Monozygotic (MZ) twins suffered more from separation than dizygotic (DZ) twins. The findings on the other variables were statistically not significant.
Van Leeuwen et al. (2005) investigated the shortterm and long-term effects of school separation in a large sample of twins from the Netherlands Twin Registry. Short-term effects were studied at age 7 in twins separated at age 5 and long-term effects at age 12 in twins who had been separated or together most of the time in school. Mothers and teachers rated behavior problems at different ages. School performance was measured at age 12 using a national academic achievement test (CITO). Twins from separated pairs had more internalizing and externalizing problems than nonseparated twins at age 7 and age 12, as rated by both mothers and teachers. However, these effects could be explained by pre-existing differences. Only for the maternal rating of internalizing problems at age 7 the effects could be attributed to the separation. No differences were found in the cognitive test taken at age 12.
Both previous studies mainly concentrate on behavioral problems but also pay attention to cognitive achievements. Tully et al. (2004) analyze scores on a reading test at age 7 while controlling for IQ measured at age 5. Van Leeuwen et al. (2005) analyze test scores at age 12 without previous test scores for 843 twin pairs. Both studies show that there are pre-existing differences between separated and nonseparated twins. Tully et al. (2004) report that the separated early group contained a higher proportion of twins who had been referred to special education and their sample statistics also indicate a lower average family income for this group. Van Leeuwen et al. (2005) find that the probability of twins being separated at age 5 is positively related with the score on the scale for externalizing problems at age 3 and with socioeconomic status. This suggests that the assignment of twins is not random but the outcome of a decision by parents and teachers. It also raises concern about the impact of unobserved factors that determine this decision and which might be related to the performance of twins. The findings in the previous studies might be biased by these unobserved factors. For example, the peers in the classroom might differ for separated and nonseparated twins. If separated twins had peers with on average lower cognitive achievements, and these peers had a negative effect on the cognitive performance of these separated twins, a difference in the outcomes could be falsely attributed to the separation of twins.
This study focuses on differences in cognitive achievements of separated and nonseparated twins in Dutch primary education. We use a large longitudinal school-based sample which contains four measures of cognitive ability: IQ, language, arithmetic and CITO. The test for language and arithmetic are taken at ages 6, 8, 10 and 12 years. The IQ test is taken at age 8, 10 and 12 and the CITO test is taken at age 12. Hence, we can observe whether the findings on the separation of twins depend on age. In addition, the longitudinal character of the data enables us to study changes in cognitive ability between grades. The tests for languages and arithmetic are comparable between grades and designed to measure cognitive gains in these subjects. The assignment to classes is measured in each wave of the study. In the analysis we use two definitions of class separation: at least 1 year separated, and separated in two subsequent waves. Another contribution of this study is that we try to reduce the bias by unobserved factors due to the nonrandom assignment of twins. We do this by taking into account differences in the performance of the classmates and previous test scores of the twins on tests designed to measure changes in achievements in language and arithmetic. In addition, we can identify small schools with only one class per grade level.
These schools do not offer the opportunity to separate twins and we separately analyze the performance of pupils in these 'restricted schools'. Moreover, we use variation in class assignment between years in instrumental variable regressions.
Data
Data were available from the longitudinal PRIMA survey in the Netherlands, which aims to answer questions about educational strategies and performance in primary education in the Netherlands (Driessen, et al., 1994 (Driessen, et al., , 2004 . We used the first five waves of the PRIMA survey including data on pupils, parents, teachers and schools. Each wave has approximately 60,000 pupils. The waves are : 1994, 1996, 1998, 2000 and 2002 . The PRIMA project surveys a panel of approximately 600 schools, of which 180 schools are drawn for the over-sampling of pupils with a lower socioeconomic background. Within each school pupils in Grades 2, 4, 6 and 8 (average age: 6, 8, 10, 12 years) are tested in language and arithmetic. In addition, information on the social background is collected and teachers are asked about the behavior of the child in school. Twins were identified by matching on family name, date of birth, school and year of the survey (Webbink et al., 2006) . For the analysis we use all twin pairs of which we have information on class sharing. This leaves us with 5756 twin observations and 2878 twin pairs.
In each wave of the study the assignment to classes has been measured. We use two definitions of class separation: at least 1 year separated, and separated in two subsequent waves. For the latter definition it is plausible that the separation had a duration of at least 3 years.
The cognitive measures we use in the analysis are an IQ score and three achievement scores; one for arithmetic, one for language and a nationwide achievement test (CITO). The last three measures are especially designed for the PRIMA survey. The IQ test focuses on nonverbal intelligence and has two components: 'composition of figures' and 'exclusion'. For the first component pupils are required to compose a figure, for instance a square, from several irregular segments. For the exclusion test, pupils are required to choose one figure that does not fit into a sequence of figures. These two nonverbal components have been chosen to measure intelligence unbiased by the socioeconomic background of the pupils. The IQ test is taken in Grade 4, 6 and 8. For each grade there is a different version of the test. For Grade 4 the composition of figures test has 17 items and the exclusion test has 20 items; for Grade 6 and 8 this is respectively 19 and 15 items. The score on the test is the number of items correctly answered. In all waves of the PRIMA survey the same IQ test has been used. Because of the difference in difficulty and number of items, the tests are not comparable between grades. Recently, a more extended test for Note: Estimates shown are the coefficient of a dummy for having a co-twin in the same class in regression models with a random effect for twin pair and dummies for year of survey. The first model only controls for year of the survey. In the next models potential confounders are introduced. The last model includes all controls. Standard errors in brackets. The IQ test was not taken in Grade 2. The CITO test is only taken in Grade 8. The most extended models are also separately estimated for same-sex pairs and opposite-sex pairs. ***/**/*significant at 1/5/10%-level tests that were previously used and are made comparable. It should be noted that over time comparability is hampered by other relevant differences between waves. In the first wave, tests were taken early in the school year. In the second wave, tests were taken halfway during the school year. In the first two waves tests were taken under the responsibility of an external examiner, while in the third wave the teacher of the class was responsible. As these differences may affect our findings we control for the year of the survey in all regressions. The CITO test is a nationwide achievement test taken in Grade 8. The CITO consists of 240 multiple-choice items assessing four different intellectual skills: language, arithmetic, information processing and world orientation. Each performance scale contains 60 multiple-choice questions. These performance scales result in a standardized score of between 501 and 550 (Bartels et al., 2002) . The CITO test is taken independently of the PRIMA project. Scores were obtained from the schools participating in the PRIMA project.
Statistical Methods
The main question we want to answer is whether having a co-twin in the same class has an impact on the cognitive performance of twins. We used a standard linear mixed model (in econometrics this is called a random effect regression) to estimate the difference in test scores between twins in the same class and twins in different classes, and included a random effect for twin pair. The following relationship has been estimated:
where Y is the score for cognitive ability of pupil i from twin pair c, C is a dummy for having a co-twin in the same class, X is a vector of covariates, η c is random effect for twin pair and ε ic is a random error term. The vector X includes year of the survey, gender, same-sex twin pair, age (at the time of taking the test), education levels and country of birth of the father and mother, and the so-called weight factor of the pupil according to the funding scheme for primary schools. The Dutch funding scheme for primary schools distinguishes several groups of disadvantaged pupils. The most important groups are Dutch pupils with lower educated parents and pupils with an ethnic minority background. Pupils not belonging to a disadvantaged group enter the funding scheme with a weight factor equal to unity. Dutch pupils with lower educated parents have a weight equal to 1.25 and pupils with an ethnic minority background have a weight factor of 1.9. Schools receive respectively 25% and 90% additional funding for these pupils. In addition, we control for the average test score of the classmates of the twins. We include a random effect for twin pair because the twins are not independently drawn. The indicator variable C for sharing the same class is our main variable. The regressions give a comparison of the performance of twins in the same class with twins in different classes. We do not have information on the zygosity of the twins. Hence, we cannot Estimates shown are the coefficient of a dummy for having a co-twin in the same class in regression models with a random effect for twin pair and dummies for year of survey. All controls from the most extended model in Table 4 are included. Standard errors in brackets. The IQ test was not taken in Grade 2. The CITO test is only taken in grade 8. ***/**/*significant at 1/5/10%-level
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Twins Sharing the Same Class and Cognitive Abilities distinguish between MZ and DZ pairs. We perform separate analysis for all twins, same-sex pairs and opposite-sex pairs.
A concern with the estimates of the random effect models is that the assignment of twins is not random and that unobserved factors that determine this decision are related with the performance of twins, cov (C, ε ic ) 0. Such a covariance would violate a basic assumption for getting consistent estimates in equation [1] . For instance, if strongly motivated parents have a preference for the separation (or for the nonseparation) of their twins, this might bias the results in the case that these parents invest more time in helping and supporting their children at home, or if these parents invest more in selecting a high quality school. In that case, these unobserved factors will bias the results. It should be noted that it is not clear which alternative (separation or sharing) improves the cognitive performance of twins. Hence, it not clear how this bias might affect the estimate. We follow three approaches to reduce the bias by unobserved factors related to the assignment.
The first approach is based on restricted schools: schools with only one class per specific grade. In these schools parents do not have the opportunity to choose between the two alternatives. In that case, parents with a preference for separating their twins would have to assign their children to the same class. Hence, it seems likely that restricted schools contain a combination of parents with a preference for separation and parents with a preference for nonseparation. We repeat the estimations on a smaller sample that only includes twins in separate classes and twins in restricted schools. By reducing the sample we increase the share of parents with a preference for separation in the group of twins in the same class. It could be argued that parents that really want to separate their twins in school will choose large schools. This might be true but depends on the availability of large schools near the location of the parents. In addition, the number of classes at a specific grade level in school depends on enrolment. Variation in enrolment may induce variation in the number of classes, which may lead to unexpected restrictions for parents.
Second, we use variation in the assignment decisions between years in instrumental variable regressions. Table 1 shows that there is a clear time trend towards separation of twins, which is also observed within different grade levels. Whereas in 1994 approximately 93% of the twin pairs shared the same class, this drops linearly to 66% in 2002. This trend towards separation of twins is also noted by Van Leeuwen et al. (2005) . To our knowledge there has not been a general policy change which might explain the time trend. If the time trend is not related to the unobserved factors of cognitive achievement we can use this trend as an instrument for class separation. In that case, the variation in classroom assignment induced by the time trend will not be correlated with the unobserved factors of cognitive achievement. We can isolate this variation in classroom assignment with two-stage least squares. In the first stage, classroom assignment is regressed on the time trend and the other covariates
where T is a vector of time dummies. In the second stage, the cognitive achievement is regressed on the predicted classroom assignment (based on the time trend) and the other covariates (see vector X in equation 1). This gives the instrumental variable estimator conditional on the covariates:
Third, we exploit the longitudinal character of the data. We estimate models that control for the test score in the previous grade and analyze gains in test scores between grades.
Dinand Webbink, David Hay, and Peter M. Visscher Table 6 Two Results Table 2 shows sample statistics for the dependent and explanatory variables in all four grades for separated twins and twins sharing the same class. The statistics are based on the cross-sectional data. Hence, separation or sharing the same class has a duration of at least 1 year. We observe that separated twins score on average lower in language and arithmetic. The socioeconomic background, indicated by country of birth and education of parents and the weight factor for the financing of schools, of separated and nonseparated twins differs. Separated twins more often have parents born in a foreign country. This is also indicated by the higher proportion of 1.9 pupils (ethnic minorities) in the group of separated twins. Hence, Dutch parents seem to prefer their twins to share the same class. We also observe that the average test scores of the classmates of the separated twins are lower than the test scores of the class mates of the nonseparated twins. This is probably related to the fact that separated twins more often have parents born in a foreign country, and the fact that the free school choice in Dutch education leads to segregation based on socioeconomic factors.
To further investigate differences between separated and nonseparated twins we did a probit regression on 'having a co-twin in your class'. Table 3 shows the estimation results. As in Van Leeuwen et al. (2005) , we find that the rate of separation increases after 1994. Hence, there is a time trend towards separation. We also observe that in higher grades it is less likely that twins are separated.
The results of the random effect regressions of the effect of at least 1-year separation are shown in Table 4 . For the IQ test none of the estimates are statistically significant. For the language test we find that nonseparated twins have higher scores in Grade 2. The difference between separated and nonseparated twins reduces after adding controls. Although several models for the higher grades give statistically significant results, for the full model we only find a statistically significant difference in Grade 2. In the separate estimate for same-sex pairs we find a larger difference. The results for the arithmetic test show the same pattern. Twins sharing the same class have higher scores in Grade 2 and this difference is larger for same-sex pairs. In fact, for opposite-sex pairs we find no significant difference. For the higher grades we find no difference. We also find no difference for the CITO test which is only taken in Grade 8.
The estimates in Table 4 might be biased by unobserved factors related to the decision of parents and teachers about the separation of twins. To reduce this bias we focus on 'restricted schools' that have only one class per grade level. Table 5 shows the estimation results for the model using all controls. The results are quite similar to those in Table 4 . Nonseparated twins have higher scores in language and arithmetic in Grade 2, and this especially holds for same-sex pairs. We do not find significant differences in higher grades.
The second approach is based on the variation in classroom assignment between years (Table 6 ). The first stage results show that the year of the survey has a clear effect on the outcome of the separation decision. Note: Controls used are year, date of birth, gender, weight factor for financing of schools, education and country of birth father and mother, same-sex pair, average class performance in highest grade, random effect for twin pair, standard errors in brackets. ***/**/*significant at 1/5/10%-level
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The F value for the excluded instruments clearly exceeds the critical value of 10 for weak instruments (Staiger & Stock, 1997) . The second stage results show that nonseparated twins score significantly higher on the language test in Grade 2. For same-sex pairs we find the same results. For arithmetic we find no difference. In addition, for all higher grades we find no significant differences in test scores. Our third approach to reduce the bias by unobserved factors exploits the longitudinal character of the data. We estimated linear mixed regressions on the language and arithmetic score, controlling for the test score in the previous survey. In addition, we estimated regression models on the gain in these test scores between grades. In these analyses we use the second definition of sharing the same class. Hence, we compare twins that were separated in two subsequent waves with twins that were sharing classes in two subsequent waves. The controls for the test scores of the classmates refer to the scores in the highest grade. We assume that the impact of the school environment in the previous grades is already picked up by the previous test score. We find that nonseparated twins have a lower score in languages in Grade 8 (Table 7) . The separate analysis for same-sex and opposite-sex pairs shows that this finding comes from the opposite-sex pairs. The regressions on the gains in test scores yield similar results. Within the sample of opposite-sex pairs the effect of classroom separation is only found for boys, not for girls. The estimate in the regression on the gain in test scores for boys from opposite-sex pairs is -0.342 (standard error 0.174). For all other grade levels we find no significant effects in the separate samples of same-sex and opposite-sex pairs.
Conclusions and Discussion
The empirical findings in this article do not provide a clear answer for the classic question about class separation of twins. In the analysis of the effect of a separation of at least 1 year we only find an effect on cognitive ability in Grade 2. All three approaches show that nonseparated twins score higher on language. The difference is larger for same-sex pairs. In addition, there is some evidence for higher scores in arithmetic in Grade 2. For the higher grades, we find no effect of classroom separation on cognitive ability. In the analysis of the effect of a separation of at least 3 years, we find that separation increases language performance between Grade 6 and 8 for opposite-sex pairs. Hence, the presence of a co-twin seems to matter at the early stages of primary education for same-sex pairs. At the later stages of primary education we hardly find any differences. Only between Grade 6 and Grade 8 we find a difference in language skills for opposite-sex pairs.
As mentioned previously, the Dutch society for Parents of Multiples advises parents to follow their own opinion. Although we find some statistically significant effects of classroom separation, especially in Grade 2, we think that the findings in this article do not support a clear preference for separation or nonseparation. Hence, we think that our findings show that the advice of the Dutch Society for Parents and Multiples is not detrimental with respect to the cognitive ability of twins.
A limitation of our findings is that we cannot distinguish between DZ and MZ twins among the same-sex pairs. It is not clear how this would change our findings. Van Leeuwen et al. (2005) found no difference between DZ and MZ twins, whereas Tully et al. (2004) found that MZ twins suffered more from separation than DZ twins. In addition, our approach to reduce the bias by unobserved factors does not take into account the possibility that parents may select the school for their children on the basis of their prior belief about whether to separate or not, or on the school policy regarding twin separation.
